however these associations were observed only among men with urinary symptoms prior to their prostate cancer diagnosis.
Conclusions: Among men with prostate cancer, diet intake after diagnosis was not significantly associated with urinary or sexual function, although some relationships appeared to differ among men with and without symptoms prior to their prostate cancer diagnosis. Higher vegetable intake and lower polyunsaturated fat intake after prostate cancer diagnosis may be associated with better urinary function. However, this analysis was exploratory, and further research is needed to better delineate these relationships and guide dietary recommendations for men with prostate cancer. Lifestyle modifications that improve vascular function via increased nitric oxide (NO) production, decreased insulin resistance, or decreased oxidative stress and inflammation may prevent or reverse ED in healthy adult men. 10 Various dietary components (omega-3 fatty acids, antioxidants) are associated with increased NO synthesis. 11 Specific foods (fruits, 12, 13 nuts, 13 vegetables, 14 dairy 14 ), nutrients (monounsaturated: saturated fat ratio, 13 flavonoids 15 ), and dietary patterns (Mediterranean 16, 17 and energy restricted, including highprotein 18, 19 and high-carbohydrate 19 ) are associated with erectile function in healthy individuals [13] [14] [15] 20 as well as men with metabolic syndrome. 12, [16] [17] [18] [19] Notably, men with newly diagnosed diabetes mellitus randomized to a Mediterranean diet had a slower decline in sexual function compared to men randomized to a low-fat diet. 21 Moderate alcohol consumption may also be inversely associated with ED. 22 However, these observed associations may not persist among men with prostate cancer in whom the mechanism of ED could be post-surgical (eg, nerve injury) or cancer-related (eg, radiation, biopsies, cancer anxiety).
Diet may also be associated with LUTS; however, data are limited, 23 especially in the setting of invasive treatments for prostate cancer (eg, prostatectomy, pelvic radiation), and definitions of LUTS are variable (eg, clinical diagnosis, urinary incontinence, symptom index scores). Among men without prostate cancer, the majority of urinary symptoms are due to bladder outlet obstruction secondary to benign prostatic hyperplasia (BPH). However, coexisting hyperactive bladder due to abnormal autonomic nervous system activity, detrusor muscle sensitivity, or oxidative damage may also contribute to symptoms. [24] [25] [26] [27] Interactions between dietary intake and potential effect modifiers were assessed by entering cross products of dietary intake with the potential modifiers of interest in multivariate models and reported if P-interaction <0.0001 due to the large number of interaction tests.
Based on the observation of effect modification based on prediagnosis ED and BPH/LUTS, we report results for sexual and urinary function scores stratified by these conditions, respectively.
All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC).
| RESULTS
Compared to men in the lowest category of Mediterranean Diet Score, those with the highest scores had longer times from treatment to HRQOL questionnaire, lower BMI, lower caloric intake, were more likely to engage in weightlifting and vigorous physical activity, and were less likely to have ED prior to prostate cancer diagnosis (Table 1) .
| Urinary incontinence
Higher post-diagnosis vegetable intake was associated with modestly higher urinary incontinence scores (better urinary function). Men in the highest quintile of vegetable intake had a mean urinary incontinence score of 76 out of 100 compared to 72 among men in the lowest quintile of vegetable intake (P-trend = 0.003; Table 2 ). This association remained statistically significant in all sensitivity analyses, including adjustment for pre-diagnosis diet (data not shown). Similarly, men with higher post-diagnosis alcohol intake reported higher urinary incontinence scores (better urinary function) (71 vs 74 comparing lowest to highest quintile; P-trend = 0.03), however this association disappeared after adjusting for pre-diagnosis alcohol intake (data not shown).
Conversely, men in the highest quintile of monounsaturated and polyunsaturated fat intake after prostate cancer diagnosis reported lower urinary incontinence scores (worse urinary function) compared to men in the lowest quintile of intake (monounsaturated fat: 75 vs 71 comparing lowest to highest quintile; P-trend = 0.02; polyunsaturated fat: 76 vs 72 comparing lowest to highest quintile; P-trend = 0.04).
However, these associations were attenuated in sensitivity analyses and were absent after adjusting for pre-diagnosis intake (data not shown). Mediterranean Diet Score and other individual score components or dietary fat subtypes were not associated with urinary incontinence scores. In summary, higher vegetable intake after prostate cancer diagnosis was associated with lower rates of selfreported urinary incontinence.
| Urinary irritation/obstruction among men with history of BPH/LUTS
Higher vegetable intake was also associated with higher urinary irritation/obstruction scores (better urinary function) among the subset of men with BPH/LUTS prior to their prostate cancer diagnosis (80 vs 84 comparing lowest to highest quintile; P-trend = 0.01; P-interaction < 0.0001; Table 3 ), but not among men without urinary symptoms prior to diagnosis. Conversely, lower post-diagnostic polyunsaturated fat intake was associated with higher urinary irritation/obstruction scores (better urinary function) (84 vs 78 comparing lowest to highest quintile; P-trend = 0.005). These associations remained statistically significant in all sensitivity analyses. Fruit intake was associated with higher urinary irritation/obstruction scores among men with BPH/LUTS prior to prostate cancer diagnosis, however this association was not robust in sensitivity analyses (data not shown). In summary, higher vegetable intake and lower polyunsaturated fat intake after prostate cancer diagnosis was associated with lower rates of self-reported urinary irritation/ obstruction symptoms among men with a previous history of BPH/LUTS.
| Urinary irritation/obstruction among men without history of BPH/LUTS
Among the subset of men without BPH/LUTS prior to their prostate cancer diagnosis, higher post-diagnosis fish intake was associated with marginally higher urinary irritation/obstruction scores (better urinary function) (71 vs 74 comparing lowest to highest quintile; P-trend = 0.05; Table 3 ). This association remained statistically significant in pre-specified sensitivity analyses, including adjustment for prediagnosis fish intake, although was attenuated after excluding men who reported taking medications to treat urinary symptoms at the time of HRQOL assessment (P-trend = 0.07; data not shown). Mediterranean Diet Score and other individual score components or dietary fat 
subtypes were not associated with urinary irritation/obstruction scores. In summary, diet after prostate cancer diagnosis was not significantly associated with self-reported urinary irritation/obstruction among men without a previous history of BPH/LUTS.
| Sexual function
Post-diagnostic Mediterranean Diet Score, score components and dietary fat subtypes were not associated with sexual function scores. However, we did observe evidence of effect modification of these relationships by the presence of ED prior to prostate cancer diagnosis (P-interaction <0.0001). Among men without ED prior to diagnosis of prostate cancer, those in the highest quintile of post-diagnosis monounsaturated fat intake reported higher sexual functioning scores (better sexual function) compared to men in the lowest quintile (34 vs 36 comparing lowest to highest quintile; P-trend = 0.03; Table 4 ). This association was robust in most pre-specified sensitivity analyses, including adjustment for pre-diagnosis intake, although it was attenuated after further adjustment for carbohydrate intake (P-trend = 0.09; data not shown). Higher post-diagnostic polyunsaturated fat intake was borderline associated with higher sexual (1) 85 (1) 85 (1) 85 (1) 86 (1) 0.81
Fruit 86 (1) 86 (1) 85 (1) 85 (1) 86 (1) 0.62
Total dairy 85 (1) 86 (1) 86 (1) 85 (1) 86 (1) 0.33 Fish 85 (1) 86 (1) 86 (1) 85 (1) 87 (1) 0.05 Vegetable 86 (1) 85 (1) 85 (1) 85 (1) 87 (1) 0.15
Cereal 85 (1) 85 (1) 86 (1) 86 (1) 85 (1) 0.70
Total meat 86 (1) 86 (1) 85 (1) 85 (1) 86 (1) 0.89 Alcohol 85 (1) 85 (1) 85 (1) 86 (1) 85 (1) 0.76
Poly:saturated fat 87 (1) 85 (1) 85 (1) 85 (1) 86 (1) 0.53
Saturated fat 86 (1) 85 (1) 86 (1) 85 (1) 85 (1) 0.54
Monounsaturated fat 86 (1) 85 (1) 85 (1) 86 (1) 85 (1) 0.37
Polyunsaturated fat 86 (1) 86 (1) 86 (1) 85 (1) 85 (1) 0.17
Men with BPH/LUTS prior to prostate cancer diagnosis (n = 626) Urinary obstruction/irritation scores relate to symptoms of dysuria, nocturia, or urinary retention and higher scores indicate fewer urinary problems. All values represent geometric mean scores and standard errors adjusted for age at diagnosis, time since treatment or diagnosis, calories, clinical stage of disease, Gleason score, treatment type, PSA at diagnosis, family history of prostate cancer, and the following covariates were measured at the time of QOL outcome assessment: presence of comorbidities, body mass index, smoking status, walking pace, vigorous physical activity, and any weightlifting (Model 2). Results are stratified by pre-diagnosis benign prostatic hyperplasia or severe lower urinary tract symptoms. P trend was calculated using the median of each quartile modeled continuously and reported by strata.
functioning scores, however, this association was no longer statistically significant in sensitivity analyses. Among men who reported symptoms of ED prior to their prostate cancer diagnosis, postdiagnostic diet was not associated with sexual functioning. In summary, diet after prostate cancer diagnosis was not significantly associated with self-reported sexual function.
| DISCUSSION
In this prospective cohort study of men with non-metastatic prostate cancer, post-diagnostic Mediterranean Diet Score was not associated with urinary or sexual function. However, a modest association was observed between post-diagnostic vegetable intake and higher urinary (4) 35 (4) 37 (4) 34 (4) 34 (4) 0.51
Total dairy 37 (4) 33 (4) 34 (4) 34 (4) 37 (4) 0.78 Fish 35 (4) 35 (4) 34 (4) 34 (4) 37 (4) 0.15 Vegetable 35 (4) 32 (4) 35 (4) 35 (4) 37 (4) 0.17 Cereal 36 (4) 36 (4) 33 (4) 33 (4) 36 (4) 0.70
Total meat 36 (4) 34 (4) 32 (4) 37 (4) 35 (4) 0.82 Alcohol 35 (4) 36 (4) 35 (4) 34 (4) 35 (4) 0.69
Poly:saturated fat 36 (4) 35 (4) 32 (4) 35 (4) 37 (4) 0.25
Saturated fat 36 (4) 33 (4) 34 (4) 35 (4) 36 (4) 0.52
Monounsaturated fat 34 (4) 32 (4) 36 (4) 36 (4) 36 (4) 0.03
Polyunsaturated fat 35 (4) 35 (4) 33 (4) 34 (4) 38 (4) 0.05
Men with ED prior to prostate cancer diagnosis (n = 834) 0-3 4-5 6-9 P trend Mediterranean Diet Score 22 (4) 23 (5) 25 (5) (5) 20 (5) 26 (5) 27 (5) 22 (5) 0.10 Cereal 21 (5) 21 (5) 25 (5) 20 (5) 24 (5) 0.26
Total meat 24 (5) 20 (5) 25 (5) 24 (5) 21 (5) 0.71 Alcohol 23 (5) 20 (5) 23 (5) 24 (5) 24 (5) 0.30
Poly:saturated fat 22 (5) 23 (5) 21 (5) 23 (5) 24 (5) 0.45 Saturated fat 20 (5) 23 (5) 19 (5) 24 (5) 21 (5) 0.92
Monounsaturated fat 20 (5) 24 (5) 20 (5) 23 (5) 24 (5) 0.36
Polyunsaturated fat 23 (5) 22 (5) 21 (5) 22 (5) 25 (5) 29 Furthermore, a biological mechanism of the association between vegetable intake and decreased LUTS has not been elucidated although some have suggested that vegetable intake may protect against oxidative damage to the bladder or prostate or influence circulating hormones which affect prostate epithelium growth in the transitional zone. 37 Conversely, lower polyunsaturated fat intake after prostate cancer diagnosis was associated with higher urinary irritation/ obstruction scores by an average of four to six points. Polyunsaturated fat intake among men in our study was predominantly from olive oil, nuts, and mayonnaise. A previous study reported that polyunsaturated fat intake, including both omega-3 and omega-6 fatty acids was positively associated with BPH/LUTS among adult men without a history of cancer in the Health Professionals Follow-up Study. 29 Similarly, polyunsaturated fat was positively associated with LUTS in a cross-sectional analysis of men enrolled in the Boston Area Community Health Survey. 31 One hypothesized mechanism of the association between polyunsaturated fat and BPH/LUTS is via lipid peroxidation, such that a high degree of unsaturation of fatty acids leads to higher 5α-reductase and dihydrotestosterone levels and subsequent epithelial and stromal growth in the prostate. 29 We also observed effect modification of the relationship between diet and urinary irritation/obstruction scores, but not urinary incontinence scores, by the presence of BPH or LUTS prior to prostate cancer diagnosis. This finding could represent the differing effects of dietary intake on LUTS due to pre-existing conditions compared to incident LUTS due to prostate cancer or prostate cancer treatment; however, this has not been reported previously and must be confirmed. [40] [41] [42] We acknowledge that this study has limitations. First, the prospective data used in this analysis are observational therefore residual or unmeasured confounding is possible. We attempted to minimize residual confounding by conducting a thorough literature review and using stepwise regression to build multivariate models with potential confounders forced into the model. Furthermore, we used repeated measurements of dietary intake after prostate cancer diagnosis to more accurately categorize intake and reduce measurement error. Second, we conducted numerous statistical tests and therefore false positive results due to multiple comparisons are possible and confirmatory studies are needed.
| CONCLUSIONS
Diet intake after prostate cancer diagnosis is not significantly associated with HRQOL. Higher vegetable intake after prostate cancer diagnosis is associated with modestly fewer urinary incontinence symptoms. Higher post-diagnostic vegetable intake and lower post-diagnostic polyunsaturated fat intake may be associated with fewer urinary irritation/obstruction symptoms, however, these associations were only observed among men with a history of BPH/LUTS before their prostate cancer diagnosis. There are limited data examining the association between diet and urinary or sexual function, particularly among men with prostate cancer, therefore many of these analyses were exploratory. Additional research is needed to determine if diet can improve urinary and sexual function in men with localized prostate cancer.
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